Antihistaminics are widely used for various indications during microbial infection. Hence, this paper investigates the antimicrobial activities of 10 antihistaminics belonging to both old and new generations using multiresistant Gram-positive and Gram-negative clinical isolates. The bacteriostatic activity of antihistaminics was investigated by determining their MIC both by broth and agar dilution techniques against 29 bacterial strains. Azelastine, cyproheptadine, mequitazine and promethazine were the most active among the tested drugs. Diphenhydramine and cetirizine possessed weaker activity whereas doxylamine, fexofenadine and loratadine were inactive even at the highest tested concentration (1 mg/ml). The MIC of meclozine could not be determined as it precipitated with the used culture media. The MBC values of antihistaminics were almost identical to the corresponding MIC values. The bactericidal activity of antihistaminics was also studied by the viable count technique in sterile saline solution. Evident killing effects were exerted by mequitazine, meclozine, azelastine and cyproheptadine. Moreover, the dynamics of bactericidal activity of azelastine were studied by the viable count technique in nutrient broth. This activity was found to be concentration-dependant. This effect was reduced on increasing the inoculum size while it was increased on raising the pH. The post-antimicrobial effect of 100 g/ml azelastine was also determined and reached up to 3.36 h.
INTRODUCTION
Antihistaminics are histamine H 1 -antagonists -also known as H 1 -receptor antagonists and H 1 -antihistaminics (34) .
Chemically, they are classified into several classes including ethanolamines, ethylenediamines, piperazines, piperidines and phenothiazines where all the classes share a certain common structural feature (33) . However, pharmacologically, they are classified into first-generation, whose members are sedating, and second-generation, whose members are relatively nonsedating and more selective; such classification is now more commonly used (32) .
The use of antihistaminics in the drug regimen for patients who acquire microbial infection is inevitable and that gave rise to the need to assess the antimicrobial activity of antihistaminics. Few studies were previously carried out to demonstrate the antimicrobial activity of a number of antihistaminics which belonged mainly to the first generation especially the ethanolamine and phenothiazine antihistaminics; however, the published results are rather controversial.
Dastidar et al. (20) found that diphenhydramine and bromodiphenhydramine inhibited several Gram-positive and Gram-negative strains at concentrations ranging from 0.05 to 0.2 mg/ml. On the other hand, Semenitz (30) reported much higher MIC values for diphenhydramine that ranged from 1.8 to 15 mg/ml. However, certain members of phenothiazine antihistaminics were shown to have MIC that ranged mostly between 10 and 200 µg/ml against several Gram-positive and Gram-negative bacterial strains (16, 18, 21, 27, 29) .
Nonetheless, Shibl et al. (31) revealed MIC values as low as 1.6 µg/ml against a S. aureus strain. In addition to the varied MIC ranges, the spectrum of antibacterial activity was somehow variable in the previous studies where the tested phenothiazines were generally potent against the Gram-positive microorganisms; however their effect against the Gramnegative ones was either comparable to that against the Grampositive ones or inferior to it. Moreover, some phenothiazine antihistaminics showed certain anti-tuberculosis activity (13, 17, 36) .
As previous studies were almost restricted to some of the old members of antihistaminics while the new ones particularly those belonging to the second generation of antihistaminics almost received no attention from the microbiological point of view; for that reason, this paper deals with the microbiological testing of possible activities of 10 antihistaminics belonging to both old and new generations using antibiotic multiresistant clinical isolates.
MATERIALS AND METHODS

Microorganisms
A total of twenty five bacterial isolates was used in this study belonging to two Gram-positive and four Gram-negative genera. They were human isolates identified by classical microscopical and biochemical procedures (19, 23) . In addition, the following standard strains were used:
Staphylococcus aureus (ATCC 6538P), Escherichia coli (NCTC 10418), Klebsiella pneumoniae (ATCC 35657) and
Pseudomonas aeruginosa (ATCC 9027). They were maintained at 4°C as slant cultures of sterile nutrient agar for a maximum of one month (35) . Long term preservation was performed by freezing in 15% glycerol broth (26) .
Antihistaminics
The antihistaminics used in this study were obtained as 
Preparation of antihistaminic stock solutions
Specified amounts of the tested antihistaminics were accurately weighed and transferred separately into suitable sterile volumetric flasks. Water soluble antihistaminic powders (azelastine, cetirizine, cyproheptadine, diphenhydramine, doxylamine, meclozine and promethazine) were dissolved in Antibacterial activity of some antihistaminics sterile distilled water. Fexofenadine was dissolved in the minimal amount of methanol then diluted with sterile distilled water. Loratadine and mequitazine were dissolved in minimum amounts of 95% ethanol and dimethylsulphoxide (DMSO) respectively then diluted with sterile distilled water to form a colloidal dispersion.
Determination of minimum inhibitory concentration (MIC) of antihistaminics
The MIC of each antihistaminic against various strains employed in this study was determined by the broth macrodilution technique and the agar dilution technique as well (3) .
Determination of minimum bactericidal concentration (MBC) of antihistaminics
The MBC of each antihistaminic against the tested strains was determined by the broth macrodilution technique (12) Proper controls lacking azelastine were included for each inoculum size and pH. After incubation, samples were aseptically withdrawn at 0, 3, 6 and 24 hours for the previously described viable count technique.
Determination of the post-antimicrobial effect (PAE) of azelastine turbidimetrically (22)
An overnight broth culture of each of the selected isolates was 10 -3 diluted in prewarmed sterile nutrient broth and incubated in a water-bath (GFL, Germany) at 37°C with agitation (50 rpm). The absorbance of the culture was monitored with a spectrophotometer using a wavelength of 600 Antibacterial activity of some antihistaminics nm, until an absorbance of ~0.25 was reached (equivalent to ~10 7 cells/ml). Treatment was carried out with 100 g/ml azelastine. A control untreated flask was included in the experiment.
The bacteria-drug contact lasted 1 h, at the end of which drug activity was stopped by performing a 10 -3 dilution to the cultures in drug-free prewarmed nutrient broth. The control culture was also subjected to the same dilution and growth turbidity was determined under identical conditions without antihistaminic exposure. All the cultures were further incubated at 37°C with agitation and the absorbance was measured hourly at 600 nm until > 0.1 O.D. was reached and the PAE was calculated as described by Dominguez et al (22) .
RESULTS AND DISCUSSION
In the present work, a total of 29 bacterial strains and clinical isolates obtained from different sources were used. The standard strain) and found it to be 6.2 g/ml, far lower than that obtained in the present work ( Table 1 ). In that case, the authors only performed broth dilution technique using a different medium.
Azelastine, a new generation phthalazinone derivative, demonstrated significant bacteriostatic activity which was more pronounced against the tested Gram-positive organisms (Table   1) , and hence it was used in further studies for reasons discussed later. It showed moderate activity against the tested E. coli and Klebsiella spp. strains. (6) 125-250 250-500 125-250 1000 500->1000 >1000 Klebsiella spp. (5) 62.5-125 125-250 62.5-250 125-1000 500->1000 >1000 Pr. mirabilis (3) 250-1000 500-1000 250-1000 >1000 1000->1000 >1000 Ps. aeruginosa (6) 500 125-1000 >1000 >1000 1000->1000 >1000 (Table 2) . However, its effect against the Grampositive isolates was more pronounced. Azelastine and cyproheptadine also exhibited remarkable killing activities mainly against the Gram-positive isolates (Table 2 ). Cetirizine and diphenhydramine also produced moderate bactericidal effects, but in relatively higher concentration (data not shown).
In the above mentioned bactericidal activity tested in saline solution, meclozine showed remarkable bactericidal effects against all the tested clinical isolates being more active against the Gram-positive ones (Table 2) 2). Table 3 showed that the bactericidal activity of azelastine increased by decreasing the inoculum sizes of the tested organisms in most cases. The inoculum size effect seems to be dependant on the ratio between antihistaminic molecules and the number of cells. In case of low inoculum, the drug could saturate more of the available sites of adsorption and hence be more active. The effect of pH of the medium on the bactericidal activity of azelastine is shown in Fig. 3 . Fig. 3A reveals that raising the pH of the medium steadily increased the bactericidal effect of azelastine against the S. aureus isolate under study. On the other hand, azelastine almost had no effect against E. coli Ec 103 isolate at slightly acidic or neutral pH. However, the bactericidal activity dramatically increased at pH 8 both at 3 and 6 hr (Fig. 3B) . The pH of the medium affects the surface activity and aggregation properties of the antihistaminics (9, 37) . At low pH values, protonation of tertiary amine groups occurs leading to elevated critical micelle concentrations (CMC) as well as lower aggregation number (n, the number of monomer molecules forming the micelle). At pH values approaching the pKa, an increase in the aggregation number occurs due to the increased percentage of the non-ionized more hydrophobic base. Thus, it has been reported that the nonprotonated drug present at high pH values demonstrated a dramatic increase in the surface activity (37) . It was also reported that as the hydrophobicity of compounds increased, their effect on membranes increased (10, 25) . This might be the reason beyond the increased antibacterial effects of azelastine against the tested isolates at high pH values especially at pH 8 (Fig. 3) . This also agreed with Attwood and Udeala (7) who reported that the surface pressure increase was larger in the presence of phosphate buffer at pH 6-8, nonetheless, they were not sure whether this effect was caused by the buffer components or was a pH effect.
Finally, the post-antimicrobial effect of azelastine was studied against one S. aureus and another E. coli isolates (Fig. 4) .
The post-exposure effect was sustained for 3.36 hr against the tested S. aureus isolate compared to only about half an hour for the E. coli isolate. This effect might be beneficial in reducing the dose and prolonging the time interval of administration thus decreasing any possible adverse effects. Antibacterial activity of some antihistaminics The following initial inocula (Log CFU/ml) were used in nutrient broth at 37 o C: 
